Abstract. In the framework of the MarParCloud (Marine biological production, organic aerosol particles and marine clouds: a Process Chain) project, measurements were carried out on the islands of Cape Verde, to investigate the abundance, properties, and sources of aerosol particles in general and cloud condensation nuclei (CCN) in particular, both close to sea and cloud level heights.
Introduction
Clouds in the atmosphere are formed when excess water vapor condenses on aerosol particles that serve as cloud condensation nuclei (CCN). Back to 1970s, Twomey (1974) described that an increase in the number of aerosol particles that activate to clouds lead to more but smaller droplets. Albrecht (1989) suggested that smaller droplets then cause suppression in the formation of precipitation, leading to a prolonged cloud lifetime. Both of these effects enhance the shortwave reflection of 5 clouds, i.e., they lead to a cooling of the atmosphere. In particular, warm low-level clouds located in the boundary layer constitute an important role to the cooling effects due to their abundance and strong cloud albedo effect (Christensen et al., 2016) . In recent years, many more aspects of aerosol-cloud interaction were discussed. Considerable progress has been made in understanding the chemical composition and micro-physical properties of aerosol particles that enable them to act as CCN (Andreae and Rosenfeld, 2008) . Particles' ability to act as CCN is largely controlled by aerosol particle size rather than 10 composition (Dusek et al., 2006) . However, we still lack understanding of the overall roles of aerosol particles, clouds and their interactions in the climate system, which contribute to the largest uncertainties to estimate the Earth's energy budget (Stocker, 2014) .
The mineral dust aerosol in general, Cape Verde mineral dust aerosol in particular, has been studied. Mineral dust from deserts contributes largely to tropospheric aerosols and impacts air quality of several regions, even of the globe (Ginoux et al., 15 2001; Huang et al., 2006; Tanaka and Chiba, 2006) . The largest dust source is located in the northern hemisphere in the Sahara and Sahel regions (Goudie and Middleton, 2001; Prospero et al., 2002; Ginoux et al., 2012) , with millions of tons of mineral dust being transported to Europe and the Middle East, as well as to the Americas yearly (including the Caribbean and the Amazon basin) (Swap et al., 1992; Salvador et al., 2013; Wex et al., 2016) . Mineral dust aerosol in the atmosphere can affect the Earth's radiative budget by directly scattering and absorbing solar and infrared radiation (Goudie and Middleton, 20 2001; Shao et al., 2011) . On the other hand, it can modify cloud properties, i.e., serve as CCN or ice nucleating particles (INPs) DeMott et al., 2003) . Karydis et al. (2011) found that the predicted annual average contribution of insoluble mineral dust to CCN number concentration in cloud forming areas is up to 40% on a global basis.
Based on a 3-week field campaign in summer 1973 at Cape Verde, Jaenicke and Schütz (1978) investigated the aerosol properties such as total size distribution, mass, sea salt, mineral, organic compound content, and found that a total mass of 100
during dust plumes is five times higher than the 20 µg m −3 of clean air masses. Kandler et al. (2011b) also found that the total particle mass concentration during dust plumes was raised by a factor of more than 10 over the maritime mass concentration, demonstrating a strong impact of Saharan dust advection on the aerosol load at Cape Verde. Significant seasonal intrusions of dust from North West Africa affect Cape Verde at surface level from October till March. An hourly PM 10 value reached up to 710 µg m −3
at surface level at Cape Verde (Gama et al., 2015) . Schladitz et al. (2011b) found that mineral dust 30 particles were mainly in the coarse mode. The variation of the amount of mineral dust is much larger than the variation of the sea salt content in the coarse mode. Also pesticides, polycyclic aromatic hydrocarbons (PAHs), and polychlorinated biphenyl (PCB), all of which originating from the Sahara and Sahel regions, can be incorporated with Saharan dust and then transported to Cape Verde (Garrison et al., 2014) .
Considerable studies investigated the marine aerosol in laboratory or in field measurements, and few of them were carried out at Cape Verde or nearby regions. Due to the vast coverage of the Earth's surface by the oceans, wind-driven particle production on the ocean surface is one of the largest global sources of primary atmospheric particle on a mass concentration basis (Warneck, 1999; Modini et al., 2015) . Ambient measurements and laboratory studies indicated that the resulting marine aerosol with less than 10 µm diameter can have a trimodal size distribution, which suggests that several mechanisms are 5 involved in marine aerosol production (Prather et al., 2013; Quinn et al., 2015; Brooks and Thornton, 2018) . Marine aerosol number and mass concentrations, chemical composition, and optical and cloud nucleating properties can be changed during transportation, e.g., marine aerosol can carry continental emissions up to thousands of kilometers downwind (Quinn et al., 2015) . Marine aerosol impacts Earth's radiation balance by directly scattering solar radiation (Quinn et al., 2017) . Besides, ocean physics, biology, and chemistry ultimately control both particle hygroscopicity (Fuentes et al., 2011) and the number of 10 particles that can act as CCN and INPs (Andreae and Rosenfeld, 2008; Wilson et al., 2015; DeMott et al., 2016) in the marine aerosol. On a global basis, marine aerosol makes a contribution of less than 30% to the CCN population (Quinn et al., 2017) .
Marine aerosol is the second important aerosol source at Cape Verde when looking at particle mass (Fomba et al., 2014; Salvador et al., 2016) . There is always a background of marine aerosol present at Cape Verde (Kandler et al., 2011a) . Based on a 5-year measurement at Cape Verde, Fomba et al. (2014) found that the mean mass concentration of sea salt was 11.00±5.10 µg ). Additionally during summer, elevated concentrations of organic material were observed to originate from marine emissions. A summer maximum was observed for non-sea-salt sulfate and was connected to periods when air mass inflow was predominantly of marine origin, indicating that marine biogenic emissions were a significant source. Schladitz et al. (2011b) found that the Aitken and accumulation mode particles were mainly composed of the marine aerosol, whereas coarse mode particles were composed of sea salt and a variable fraction of Saharan mineral dust.
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As outlined above, Saharan dust and sea salt dominate PM 10 particle composition (more than 70%) near the surface at the Cape Verde (Fomba et al., 2014; Salvador et al., 2016) . In addition, Cape Verde is rich in other kinds of aerosols from both continental and marine sources. Biomass burning aerosols produced from October to November in sub-sahelian latitudes had a clear influence on the content of elemental carbon (EC) recorded at Cape Verde, but a small impact on PM 10 (Salvador et al., 2016) , as particles originating from biomass burning layer usually stay at high altitude (1500 -5000m) (Tesche et al., 2009; 25 Heinold et al., 2011; Lieke et al., 2011) .
Overall, there are diverse sources of less or more hygroscopic particles which might contribute to aerosols at Cape Verde. Pringle et al. (2010) used an atmospheric chemistry model to simulate global fields of the effective hygroscopicity parameter, represent as κ (Petters and Kreidenweis, 2007) , which roughly describes the influence of chemical composition on CCN activity of aerosol particles. An annual cycle of monthly mean κ value at the surface of the Cape Verde was reported in Pringle et al.
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(2010). To the best of our knowledge, the only filed measurement of particle hygroscopicity at Cape Verde was carried out by Schladitz et al. (2011a) . Here, these model results and field measurement values will be compared with those obtained from in-situ measurements during our measurement campaign in the framework of the MarParCloud (Marine biological production, organic aerosol particles and marine clouds: a Process Chain) project.
Atmospheric boundary layer (ABL) is the region in the lowest part of troposphere (below 1000 m above the ground), where the Earth's surface strongly influences temperature, moisture, and wind through the turbulent transfer of air mass. Most particles are emitted or formed in the ABL with temporally varying sources (Rosati et al., 2016b) . Extensive data sets from ground-based aerosol properties studies are available. One major point of interest is to know whether ground-based measurements can be used to infer aerosol properties at cloud level. Previous field measurements at Po Valley and Netherlands found that during the 5 development of a newly mixed layer, the estimation of altitude-specific data from surface measurements may be problematic (Rosati et al., 2016b, a) . Once the ABL was fully mixed, a constant extinction coefficients (Rosati et al., 2016b) and particle hygroscopicity (Rosati et al., 2016a) were observed at all altitudes within ABL. Wex et al. (2016) found for the marine aerosol on Barbados, that the particle number size distribution (PNSD) on ground and throughout the sub-cloud level showed good agreement.
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During the MarParCloud project, we set two measurement stations, one close to the sea level (10 m a.s.l) and one on a mountaintop (744 m a.s.l), to characterize aerosols properties, including particle number concentration (PNC), PNSD and CCN number concentration (N CCN ). In addition, a kite and balloon borne (Helikite) measurement was carried out to characterize vertical profiles of meteorological parameters at Cape Verde. This offered a unique opportunity to compare particle properties close to the sea level and higher up in the marine boundary layer (MBL) height.
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In a series of two papers, we aim to provide a quantitative understanding regarding the abundance, properties and source of aerosol particles in general, CCN and INPs in particular close to both sea and cloud level heights. In this paper, we will (1) compare aerosol properties measured close to see level and at a mountaintop to examine the representativeness of ground based measurements to the MBL and (2) present a thorough characterization of CCN with respect to their hygroscopicity and number concentrations for different air masses. To the best of our knowledge, both of this will be presented here for the Cape Verde 20 for the first time. In a companion paper, we will examine the abundance and properties of INPs from several different sources, namely sea surface microlayer and under layer water from the ocean, airborne close to sea and cloud level, and cloud water of warm cloud. This study is the first in a series of publications to come from the MarParCloud project. For more information about the campaign itself and a more detailed analysis of the meteorological situation, we refer to an upcoming overview paper (in preparation by van Pinxteren et al.,), which will also cover a thorough size-resolved chemical composition analysis 25 of particles close to the sea level and on the mountaintop.
Experiment and methods

Sampling sites and campaign setup
The measurements were carried out on São Vicente island in Cape Verde from 13 September to 13 October, 2017. Located in the Atlantic Ocean, São Vicente island is ∼900 km off the African coast. The region experiences constant northeasterly instruments can be seen in Tab. 1. In the following, we will briefly introduce the different measurement techniques applied in this study, including calibrations, measurements and data processing.
Balloon measurement
Vertical profile of meteorological parameters was taken at CVAO. The measurements were achieved using a 16 m³ Helikite , Lyros D-Pro 3 mm, breaking load 950 daN, working elongation <1%) and operated by a winch. Under calm condition, the Helikite has a net load capacity of ∼8 kg. Under windy condition, the pull increases significantly and the net load capacity reaches about 16 kg at 6 m s Wind speed was measured using a differential pressure sensor together with a pitot tube, wind direction was determined from an orientation sensor (compass) of a wind vane. Data was recorded with a measuring frequency of 2 Hz, stored in a SD card and additionally transmitted to a ground station (via XBee). Our aim was to characterize the atmospheric boundary layer in terms of mixing state, which can provide insights to questions regarding the connection between ground-based measurements 30 and the free troposphere. 
Particle number size distribution
PNSDs were measured in the size range from 10 nm to 10 µm using a TROPOS-type MPSS (Wiedensohler et al., 2012) , and an APS (Aerodynamic Particle Sizer model 3321, TSI Inc., St. Paul, MN, USA). The APS data was accounted for the multiple charge correction of MPSS data in the inversion of measured PNSD (Wiedensohler, 1988; Pfeifer et al., 2016 ). The combined PNSD is then given on the base of the volume equivalent particle diameter. More details about the combined MPSS 5 and APS PNSDs can be found in Schladitz et al. (2011b) . Size-dependent particle losses caused by diffusion, deposition and sedimentation within the inlet were corrected for, by utilizing the empirical particle loss calculator (von der Weiden et al., 2009 ).
The size dependent particle losses are shown in the supplement, Fig. S1 . Total particle number concentrations (N total ) were calculated from the measured PNSDs accounting for the size-dependent particle losses. The MPSS and APS were calibrated before, during and after the intensive field study. More details about calibration methods can be found in Wiedensohler et al.
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(2018).
Cloud condensation nuclei
N CCN was measured using a Cloud Condensation Nuclei counter (CCNc, Droplet Measurement Technologies, Boulder, USA, Roberts and Nenes, 2005) . The CCNc is a cylindrical continuous-flow thermal-gradient diffusion chamber, establishing a constant streamwise temperature gradient to adjust a quasi constant centerline supersaturation. The sampled aerosol particles 15 are guided within a sheath flow through this chamber and can become activated to droplets, depending on the supersaturation and the particles' ability to act as CCN.
During our study, the supersaturation was varied between ∼0.15 % to ∼0.79 % at a constant total flow rate of 0.5 L min According to Köhler theory (Köhler, 1936) , whether or not a particle can act as a CCN depends on its dry size, chemical 25 composition and the maximum supersaturation it encounters. Petters and Kreidenweis (2007) presented a method to describe the relationship between particle dry diameter and CCN activity using the hygroscopicity parameter κ. κ values reported in this study were calculated as follows, assuming the surface tension of the examined solution droplets σ s/α to be that of pure water:
where d crit is the critical diameter above which all particles activate into cloud droplets for a given supersaturation. S is the supersaturation. M ω and ρ ω are the molar mass and density of water, while R and T are the ideal gas constant and the absolute temperature, respectively. To derive d crit , simultaneously measured N CCN and PNSD are used. Thereto, it is assumed that all particles in the neighborhood of a given particle diameter have a similar κ, meaning that the aerosol particles are internally mixed. At a given supersaturation, a particle can be activated to a droplet once its dry size is equal to or larger (2018) . A detailed description of this method is provided in the supplement. Note that the particle losses inside the CCNc (discussed in Rose et al., 2008) were also considered before κ was calculated.
3 Results and discussion
Overview of the meteorology
Time series of meteorology parameters, including the wind speed, temperature and RH at CVAO and MV, as well as wind at CVAO. The variation of wind speed at MV is similar to that at CVAO. Fig. 2 shows the wind rose plot based on hourly average of wind speed and direction at CVAO. Clearly, the CVAO station experienced constant northeasterly winds during this campaign. The temperature and RH were measured by digital temperature humidity sensor (Davis Instruments, 7346.070). The accuracy of the temperature sensor is ± 0.3
• C and the humidity sensor is ± 2% below 90% and ± 4% above 90%. The temperature and
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RH at CVAO varied from 25.6 to 28.3
• C and 70.0% to 90.5%, with a mean of 26.6
• C and 81.0 %, respectively. Obviously, temperature at MV was lower than that at CVAO, ranging from 18.9 to 25.4
• C, with a mean of 21.2
• C. The measured RH was 100% during more than half of the campaign at MV. Note that due to the instrument detection limit, RH=100% is not accurate. However, the RH=100% indicated that the MV station was often in a cap cloud. More precise determination of cloud events and influences of cloud on aerosol particles will be discussed in section 3.3. Note that all the times presented here are in were 3 cases of a decoupled boundary layer during the whole campaign, as shown by red dots in Fig. 1 . Therefore, to be sure to represent aerosol collected at Cape Verde, we used backward trajectories starting at 200 m altitude to represent MBL air mass origins in this study. Exemplary data from one balloon measurement can be found in the supplement (Sec. S3). 
Particle characterization
This section will first discuss PNSDs and PNC at CVAO. A trimodal log-normal parameterization method is adopted to characterize the temporal variation of PNC in three modes. It is used to classify the particles into different types based on PNC in different modes. Lastly, to get insights into possible particle sources, we studied the air mass origin and transport through backward trajectory analysis. Calculations were performed with the HYSPLIT (HYbrid Single-Particle Lagrangian Integrated 5 Trajectory) Model (Stein et al., 2015; Rolph, 2003) .
Particle number size distribution and concentration
Particle size is one of the most important parameters to characterize the behavior of aerosols. The super-micron particles exhibited high concentration during those periods. N total was changed significantly, from ∼200 to
with a median of ∼700 cm Particles of different sizes have different formation routes, sources and behaviors. To better define the modes of our data, a 10 trimodal log-normal parameterization method is adopted. The log-normal distribution was expressed by Seinfeld and Pandis (2016) and the parameterization function is as follows:
where N i is the total number concentration of the i mode; D i is the geometric mean diameter of the i mode; σ i is the geometric standard deviation of the number i mode distribution. Every PNSD was individually parametrized by a trimodal distribution, , respectively. Generally, Aitken mode particles are produced by homogeneous and heterogeneous nucleation processes, formed during natural gas-to particle condensation. Accumulation mode particles are formed mainly by coagulation of smaller particles or condensation of vapors onto existing particles, during which they grow into that size range (Seinfeld and Pandis, 2016) . Therefore, when N accumulation is higher than N Aitken , this indicates long-range transport and a more aged aerosol. N coarse varied from 3 to 71 cm
, with a median of 21 cm −3
. Coarse mode particles are mostly 10 emitted to the atmosphere from natural sources, e.g., marine aerosol, mineral dust or biological materials.
Particle classification and origins
To better understand the particle sources and features, we divided the data from the campaign into different periods. An in Fig. 4 . Note that from 00:00:00 27 to 00:00:00 28 September, N total suddenly decreased. This might due to the wet deposition that happened before the air masses arrived at the measurement site. The precipitation is an output parameter of the calculated NOAA HYSPLIT backward trajectories. From 00:00:00 27 to 00:00:00 28 September, the total precipitation (sum of precipitation of 144 segment endpoints) exceeded a value of 7 mm in the past 144 hours (corresponding to 6 days) of each backward trajectory history. Therefore, this period was not included in the aerosol classification. between the Aitken and accumulation mode of PNSDs (Hoppel minimum; see Hoppel et al., 1986) at roughly 70 nm indicates the sizes above which particles had previously been activated to cloud droplets during the history of the air mass at least once.
When passing through a cloud, soluble material is added to the activated particles by aqueous-phase chemistry, increasing particulate mass and hence also the size of those particles. The coarse mode particles can be also assumed to be sea spray aerosol (SSA) during the marine type period, as discussed in previous studies (Modini et al., 2015; Wex et al., 2016) . A decent , respectively. The Hoppel minimum of the mixture type is at roughly 80 nm. The respective backward trajectories, colored in green in Fig. 6(b) , showed that the related air mass came from the north Atlantic Ocean and spend some days over southern Europe and northern Africa. Anthropogenic aerosol and mineral dust may be incorporated into air parcels, and transported to Cape Verde, causing higher value of Aitken, accumulation and coarse mode particles than in the marine type. It is interesting to note that the Hoppel minimum is at the lowest diameter for the marine air mass (∼70 nm), compared to all other air masses. This suggests that the supersaturation in the clouds forming in the clean marine air masses is highest, as there is less surface area for the water vapor to condense onto during cloud formation. PNSDs which featured a single mode in the submicron size range are attributed to "dust type2", shown as black line in , respectively. It is worth to be mentioned that previous field measurement at the Saharan desert found similar
PNSDs to what we observed in this study (Kaaden et al., 2009; Weinzierl et al., 2009 ). We assumed dust type2 is the heaviest dust plume period during this campaign. The respective backward trajectories, colored in black in The higher N coarse during dust type1 and type2 is due to the direct dust aerosol from the Saharan desert. Schladitz et al.
(2011b) also found that the higher coarse mode number concentration at Cape Verde originated from the Saharan desert.
Besides, a very high concentration of Aitken mode particles was observed during dust type1 and dust type2 periods. A previous study also found that an African-influenced period showed a great enhancement in the Aitken mode particles and an overall In short summary, in section 3.2, based on number concentrations in different aerosol modes, an aerosol classification was done, and four well separable types of PNSDs were found, i.e., the marine type, mixture type, dust type1 and dust type2. Marine type particles are mainly from the Atlantic Ocean, while dust type particles are mainly from the Saharan desert. Mixture type particles are a combination of marine, anthropogenic and dust particles. Backward trajectories support this classification and analysis. 
Comparison of CVAO and MV
In this section, we will compare the PNC, PNSDs and N CCN at CVAO and MV. Cloud events are identified based on the difference of integrated PNC between MV and CVAO. Cloud effects on PNSDs and N CCN will also be discussed.
Comparison of PNC and PNSD
PNSDs from 10 to 800 nm were measured by MPSS and a bimodal log-normal parameterization was adopted to calculate When this ratio was lower than 0.75, we assumed that MV is in the cloud. It is described in more detail in the supplement how this ratio was derived separately for cases with trimodal and bimodal fitting. The time for cloud events is shown as red 15 shadows in Fig. 7 . As outlined above in the meteorology part, we observed RH=100% at MV. Fig. S8 shows the time series of RH at MV together with the time for cloud events as red shadows. It is clear that times with RH=100% are consistent with cloud events identified as described above, which verifies our identification of cloud events. To better understand the cloud effect of PNSDs, we compared the PNSDs at CVAO and MV during cloud events and noncloud events of different aerosol types. Fig. 8 shows the median PNSDs of different particle types during cloud events and Fig. 8 . During non-cloud events, PNSDs at CVAO and MV were the same, as shown in Fig. 8 . For periods with clouds, PNSDs in the size range >80 nm at MV are lower than that at CVAO for all the particle types. For dust type 1 and dust type 2, depending 5 on the clouds, i.e., the highest supersaturation the particles encounter, particles in Aitken mode were also activated to cloud droplets. For particles in the size range <40 nm, PNSDs are similar during cloud and non-cloud events. This is because the particle size is not large enough to activate to cloud droplet. Furthermore, it also indicates that PNSDs are similar at CVAO and MV during cloud events, at least in the size range <40 nm. For a more detailed comparison of PNSDs at CVAO and MV, contour plots for PNSDs can be found in Fig. S9 in the supplement. During the campaign, a decoupled marine boundary layer was observed with our balloon measurement in 3 cases, i.e., 10:30 to 11:00 16 September, 16:00 to 16:30 5 October and 17:20 to 17:50 12 October (shown as red dots in Fig. 1) . Only for the first decoupling case (10:30 to 11:00 16 September), MV was cloud free, and nevertheless PNSDs were similar at CVAO and MV (Fig. S10) . Therefore, the MBL may be generally well mixed, maybe still from times before the decoupling of the layers formed. On the other hand, lifting of the air masses over the mountain might also partially explain this observation. However, 5 due to the fact that there is only this one decoupled case, a thorough analysis of the influence of coupling and decoupling can not be done. 
Comparison of N CCN
Particle hygroscopicity
In this section, we will focus on N CCN , d crit and κ measurements at CVAO. As outlined above, PNSDs and N CCN measured at ground level are similar to that at cloud level. Therefore, measurements at the CVAO can be representative for that at MV.
Firstly, a thorough statistical analysis of N CCN , d crit and κ will be discussed. Secondly, the marine and dust aerosol particles' , with a median of 509 cm is larger during the marine type period than during other periods. With a median of 79.7 nm, it is close to the Hoppel minimum.
Therefore, the hygroscopicity derived at a supersaturation of 0.30% can be assumed to be representative for the mixture of Aitken and accumulation particles. increases κ of the originally very organic rich particles, which has also been observed in previous studies (Kalivitis et al., 2015; Kristensen et al., 2016) . Overall, κ averaged 0.28. Pringle et al. (2010) used an atmospheric chemistry model to derive global 10 distributions of effective particle hygroscopicity κ. For CVAO this model resolved an annual cycle of monthly mean κ value ranged from 0.25 in February to 0.60 in April. For September and October, the period of this study, the value of 0.35 and 0.30 was reported, respectively, which is consistent with what we obtained during this campaign.
The Hoppel minimum diameter range of 70 to 100 nm for different aerosol types (mentioned in section 3.2.2), together with the average κ of 0.28, can be used to obtain a rough estimate of maximum supersaturations present in trade wind clouds 15 along the path of the sampled air masses. Resulting values are roughly 0.22% to 0.37% for dust type2 and marine air masses, respectively. This is close to an earlier estimate given in Clarke et al. (1996) of 0.35% and can be interpreted as typical value for trade wind cumuli. 
Dust and marine comparison
In this section, we will focus on examining the difference between the cleanest periods (marine type) and heaviest observed dust pollution periods (dust type2). Therefore, we compared N CCN and κ during marine type and dust type2 periods. Fig. 12 shows the box plot of N CCN as a function of supersaturation in the upper panel. As outlined above, during dust periods, the aerosol shows a great enhancement in the Aitken, accumulation and coarse mode particles, therefore, overall N CCN increases 5 at different supersaturations. It is clear that N CCN during dust type2 periods is much higher than that during marine periods. that were present during this study. This is relatively low compare to e.g., Wex et al. (2016) who found that the SSA particles accounted for up to 15% of N CCN,0.30% for wind speeds up to 14 m s
for the marine aerosol on Barbados, and Modini et al.
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(2015) who found that SSA particles accounted for up to 16% to 28% (wind speeds up to 16 m s ) of N CCN,0.30% . Therefore the lower fractions of SSA particles in our study are likely connected to the low wind speeds we encountered. κ as a function of d crit is shown in the lower panel in Fig. 12(b) . The error bars of d crit and κ show std and geostd, respectively.
During dust type2, slightly increasing κ with increasing d crit was observed, similar to the overall trend we described above.
κ featured lower values from 0.13 to 0.31 for Aitken mode particles, while higher values from 0.26 to 0.45 were found for accumulation mode particles. Until now, the only field measurement of particle hygroscopicity during a dust plume at Cape Verde was carried out by Schladitz et al. (2011a) , who found that hygroscopic particles featured a κ value (based on hygroscopic 5 growth factor of particles) from 0.35 to 0.65. Our CCN derived κ values in this study for the aerosol influenced by dust are therefore comparable to the values reported by Schladitz et al. (2011a) .
No clear trend of κ with d crit was observed during marine type periods (as shown in Fig. 12 ), during which κ averaged 0.30. type2 period still agreed with that of the marine period within uncertainty. Therefore, no distinguishable difference of κ during marine and dust periods in the size range from 40 to 140 nm were found during this campaign.
In short summary of section 3.4, overall, there is a slight increase of κ with particle size, indicating the addition of soluble, likely inorganic material during cloud processing. κ values in this study are comparable to previous model work and field measurement. N CCN during the heaviest observed dust periods is much higher than that during marine periods, while κ values 
Conclusions
The MarParCloud campaign took place in September and October 2017 on the Cape Verde islands to investigate the aerosols prevailing in the Atlantic Ocean. As the first in a series of publications to come from the MarParCloud campaign, this study provides a thorough characterization of the abundance, properties, and sources of aerosol particles in general and CCN in particular close to both sea and cloud level heights with measurements done at the Cape Verde Atmospheric Observatory
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(CVAO) and on the top of Monte Verde (MV), respectively.
, with a median of ∼700 cm −3
at CVAO. A trimodal parameterization method was deployed to characterize PNC. Based on number concentrations in different aerosol modes, four well separable types of PNSDs were found, i.e., the marine type, mixture type, dust type1 and dust type2. These different aerosol types originate from different regions. The marine type aerosol mainly originates from the Atlantic Ocean, while the dust type aerosol mainly comes from the Saharan region. During marine periods, the coarse mode can be attributed to sea spray aerosol, and the corresponding particle number concentration accounted about 3.7% of N CCN,0.30% and about 1.1% to 4.4% of N total . Because of lower wind speeds that were present at CVAO, this value is lower than previous field measurement (Modini et al., 2015; Wex et al., 2016) .
A thorough comparison of PNC, PNSDs and N CCN at CVAO and MV clearly showed these parameters to be similar at both stations in the absence of clouds. Cloud events were observed at MV during roughly 58% of the time. During the cloud events,
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larger particles (mainly accumulation and coarse mode) are activated to cloud droplets and our data suggests that the maximum supersaturation in the clouds is higher the cleaner the air mass gets, leading to a lower Hoppel minimum. Altogether, it was observed that the boundary layer is generally well mixed, therefore CVAO can be used to describe the aerosol particles at cloud level.
Overall, κ averaged 0.28, suggesting the presence of organic material in particles. This is consistent with previous model 20 work (Pringle et al., 2010) and field measurement of hygroscopic growth done for the location of Cape
Verde. There is a slight increase of κ with particle size, indicating the addition of soluble, likely inorganic material during cloud processing. When looking at the two most different aerosol types, the marine type and dust type2, κ values for these periods show no significant difference. On the other hand, dust plumes enhanced particle concentrations in the Aitken, accumulation and coarse mode and therefore, overall increased N CCN . N CCN,0.30% during the strongest observed dust periods is about 2.5 25 times higher than that during marine periods.
Data availability. The data are available through the World Data Center PANGAEA (https://www.pangaea.de/) in the near future. A link to the data can be found under this paper's assets tab on ACP's journal website.
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